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ABSTRACT 
 
Herbs and medicinal plants are major ingredients in traditional or folk medicine for many countries of the world, 
including Malaysia. This study evaluated the potential of the leaf extract in different solvent polarities and drying 
methods of Aquilaria malaccensis, in scavenging free radicals and inhibiting the enzyme α-glucosidase as well as 
antimicrobial activities. Both methanol and ethanol extracts in oven dry method were efficient solvents to extract the 
antioxidant constituents of A. malaccensis. To analyze α-glucosidase inhibitory activity, the methanol extracts of A. 
malaccensis in air dry method exhibited the highest activity with an IC50 value of 196.31 μg/mL. In addition, for the 
antimicrobial activity, each extract was tested by a serial two-fold dilution method against selected Gram-positive 
bacteria and Gram-negative bacteria, and this suggested that hexane in oven dry method possessed the maximum 
antimicrobial activity against the gram-positive bacteria tested. It is suggested that the antioxidant and antidiabetic 
properties were exhibited most in a polar solvent (MEOH) whether in air dry or oven dry method with no significant 
difference. In contrary with antimicrobial which was efficient in a non-polar solvent (HEX) in oven dry method. These 
results indicate that A. malaccensis is a promising source as herbal medicine. 
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INTRODUCTION 
 
Most of the developing countries, including Malaysia have adopted traditional medical practice as an integral part of 
their culture. Historically, most medicinal preparations were derived from plants, whether in the simple form of raw 
plant materials or the refined form of crude extracts, mixtures, etc. Nowadays, medicinal plants are gaining attention 
owing to the fact that the herbal drugs are cost-effective, easily available and with little or no side effects. Aquilaria 
malaccensis is one of the species under Thymelaeceae family. In Malaysia and Indonesia, it is known as karas or gaharu. 
Karas has high economic importance in Asia due to its use for the production of incense, perfumes and traditional 
medicines. The oleoresin produced by the tree is a highly valuable component of incense, perfumes, drugs, stimulants, 
cardiac tonics, and carminatives. It is also used as an active ingredient in traditional medicines of China and has also 
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been included in different pharmaceutical products of coughs, acroparalysis, asthma, and anti-histamine (Kristanti et 
al., 2018). This plants with ethno-pharmaceutical importance were being studied because of their healing properties 
(Huda et al., 2009; Hashim et al., 2014; Hendra et al., 2016; Mahmod et al., 2017) as well as for their efficient 
antioxidant, antidiabetic and antimicrobial properties. 
 
All the living organisms use oxygen for metabolism and use food nutrients in order to get energy for survival. Thus, 
oxygen is an essential part of living organisms. Approximately, 5%-7% or more of the inhaled oxygen (O2) is converted 
to reactive oxygen species (ROS) such as O2−, H2O2 and •HO (Tachakittirungrod et al., 2007). Antioxidants remove 
these free radical intermediates inhibiting oxidation reactions. Antioxidants are those compounds that can delay or 
inhibit the oxidation of lipids, protein and nucleotides by suppressing the initiation of oxidative chain reactions, thus 
preventing damage done to the body cells by ROS (Tachakittirungrod et al., 2007). These free radicals are capable of 
attacking the healthy cells of the body which may lead to diseases, disorders or cell damage. Cell damage caused by 
free radicals appear to be a major contributor to aging and diseases like cancer, heart disease, decline in brain function 
such as Alzheimer diseases, Parkinson diseases, and also decline in the immune function (Pandey and Rizvi, 2009). A. 
malaccensis has shown to have antimicrobial activity against Gram positive and Gram negative bacteria. The 
antimicrobial properties were attributed to its phenolic compounds such as flavonoids and tannin (Kamonwannasit et 
al., 2013).  
 
Diabetes mellitus (DM), one of the most common metabolic diseases, is due to a decrease in insulin levels. DM lowers 
the quality of life especially due to many complications that affect micro and macrovascular. Two types of DM are 
currently known, one being insulin-dependent diabetes (type 1) and the other being non-insulin-dependent diabetes 
(type 2). Type 1 diabetes is treated by regular injections of insulin and commonly due to genetic predisposition. 
Furthermore, more than 90% of the diabetic population has type 2 diabetes and it is caused by insulin resistance 
(Apostolidis and Lee, 2010). It has been demonstrated that the maintenance of healthy blood glucose levels is very 
important in treating type 2 diabetes (Tsujita et al., 2008; Feng et al., 2011). Hydrolysis of dietary carbohydrates such 
as starch is the major source of glucose in the blood. Alpha glucosidase can release glucose by hydrolyzing linear and 
branched isomaltose oligosaccharides, resulting in postprandial hyperglycemia. Commercial α-glucosidase inhibitors, 
such as acarbose and voglibose, have been used to treat diabetes, but they exhibit side effects, including liver disorders, 
flatulence, abdominal pain, renal tumors, hepatic injury, acute hepatitis, abdominal fullness, and diarrhea (Salehi et al., 
2013). Thus there is a need to search for more effective and safer antihyperglycemic agents from herbs. 
 
In the present study, the A. malaccensis was extracted using different solvents polarities which were water, ethanol, 
methanol, chloroform and hexane. The most polar solvent is water followed by ethanol, methanol, chloroform and 
hexane. Different solvent polarity can extract different secondary metabolites. Water can extract glycoside, amino acid, 
sugar, aglycon compound and vitamin C. Meanwhile, ethanol can extract sugar, amino acid, glycoside, phenolic, 
flavonoid, anthocyanin, terpenoid, saponin, tannin, xantoxilin, totarol, quacinoid, lacton, flavone, phenone, and 
polyphenol. Hexane as non-polar solvent extract non-polar compound such as lignin, wax, lipid, sterol, and terpenoid 
(Widyawati et al., 2014). Almost all species of Aquilaria possess the phytochemical active principles with varying degree 
of activities, but only A. malaccensis is the major species has been extensively screened for antioxidant, antidiabetic and 
antimicrobial active ingredient. 
 
 
MATERIALS AND METHODS 
 
Sample Collection 
 
The Aquilaria malaccensis leaves were collected from Merchang Forest Reserve, Terengganu State Forestry Department, 
Terengganu. Leaves were removed from stalk and washed thoroughly under tap water and left to dry at room 
temperature for 2-3 days until fully dried for air dry (AD). While, for oven dry (OD) samples, the leaves were dried in 
an operating laboratory oven at 40°C for 2-3 days until weight constant. Then, the samples were grinded, kept in a 
sealed plastic bag and stored in a fridge (-80°C) until further used.  
 
Leaf Extracts Preparation 
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Extraction was carried out with distilled water (DW), ethanol (ETOH), methanol (MEOH), chloroform (CHL) and 
hexane (HEX) as extraction solvents. The powdered material was macerated in the solvents, plant powder (g) to 
solvent (mL) with ratio 1:50, at room temperature. To facilitate extraction, the mixture was sonicated for 20 minutes, 
at two intervals of 10 minutes with a break of 5 minutes to avoid solvent overheating. The extraction procedure was 
repeated three times, the pooled filtrates filtered through Whatman Filter No. 1 and evaporated to dry using a rotary 
evaporator (Heidoph, Germany). About 50 g of the AD and OD powdered samples were separately suspended in 2.5 
L of DW, 2.5 L of ETOH, 2.5 L of MEOH, 2.5 L of CHL and 2.5 L of HEX to yield the respective solvent polarity 
extracts. In order to determine the highest percentage yield of A. malaccensis using different solvents and drying 
techniques, the percentage yield for each solvent extraction was calculated using the formula, Percentage yield = mass 
of crude extract/initial mass of sample X 100. The extracts are referred to as AD-DW (Air dry-distilled water), AD-
ETOH (Air dry-ethanol), AD-MEOH (Air dry-methanol), AD-CHL (Air dry-chloroform), AD-HEX (Air dry-hexane) 
and OD-DW (Oven dry-distilled water), OD-ETOH (Oven dry-ethanol), OD-MEOH (Oven dry-methanol), OD-
CHL (Oven dry-chloroform) and  OD-HEX (Oven dry-hexane).  The extracts then were stored at -20°C before being 
further subjected to bioassay analysis. 
 
DPPH Free Radical Scavenging Assay 
 
The DPPH free radical scavenging assay was conducted according to the methods described by Wan-Nadilah et al. 
(2018) with slight modification. The assay was performed in a 96-well microplate and performed in triplicates. Aliquots 
of 50 µL of each serial dilutions (6.25, 12.5, 25, 50, 100, 200, 400 and 500 ppm) of the test samples and quercetin 
(positive control), made from the stock solutions 0.5 mg/mL and 0.2 mg/mL, respectively, were placed in each well. 
This was followed by the addition of 150 µL 1, 1-diphenyl-2-picryl-hydrazyl (DPPH) which was prepared beforehand 
at a concentration of 59 mg/L to each well. The microplate was then incubated in the dark at room temperature for 
30 minutes. The analysis was performed in triplicates. The absorbance of the reaction mixtures was measured at 517 
nm using a microplate reader. The percentage of inhibition of each test sample was calculated from the following 
formula, % Inhibition = [(Ao -As)/Ao] X 100 where, Ao = absorbance of the reagent blank and As = absorbance of 
the test samples. 
 
Alpha Glucosidase Inhibition Assay 
 
The enzyme inhibition activity for α-glucosidase was assessed according to the methods reported by Dong et al. (2012), 
with some modifications. The assay uses pNPG (p-nitrophenyl-α-D-glucopyranoside) as the substrate, which is 
hydrolyzed by α-glucosidase to release p-nitrophenol, a color agent that can be monitored at 405 nm. Briefly, 10 μL of 
sample solution dissolved in 10% DMSO at various concentrations (0.0625 to 4 mg/mL) was mixed with 50 μL of 0.1 
M phosphate buffer (pH 7.0) and 25 μL of enzyme solution (0.2 unit/mL). The reaction mixture was incubated for 10 
minutes at 37°C and the reaction was started by adding 25 μL of the 5 mM pNPG solution. Then, incubation was 
continued for 30 minutes. The reaction was stopped by adding 100 mL of 0.2 M Na2CO3. The absorbance were then 
immediately read off at 405 nm using a microplate reader (Deutschländer et al., 2009). The analysis was performed in 
triplicates. The α-glucosidase inhibition activity of the test sample was expressed as percentage (%) inhibition and 
calculated using the following formula, % Inhibition = [(AcAe/Ac] X 100%, where Ac = difference in absorbance 
between the control (with enzyme) and the blank control (without enzyme) and Ae = difference in absorbance between 
a sample (with enzyme) and the blank sample (without enzyme). The percentage inhibition was plotted against the 
concentrations of each sample to determine the concentration required to inhibit 50% of the α-glucosidase enzyme 
(IC50 value) in µg/mL. 
 
Antimicrobial Activity of the Leaf Extracts  
 
Microorganisms  
 
Gram positive Staphylococcus aureus (S. aureus) and Gram negative Salmonella enterica (S. enterica), were used for the 
antimicrobial study. All the stock cultures were from the collection of Microbiology Laboratory, Faculty of 
Bioresources and Food Industry, Universiti Sultan Zainal Abidin (UniSZA). All of the bacterial strains were grown 
and maintained on Muller Hinton agar at 37°C.  
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Antimicrobial screening by disk diffusion technique  
 
The antimicrobial activity of the leaf extracts was determined by the disk diffusion technique (NCCLS, 2002). Briefly, 
300 mg of A. malaccensis extract was dissolved in 1 mL of 100% dimethyl sulfoxide (DMSO) to make it to 300 mg/mL. 
Then, two-fold serial dilution was done to make it 150 mg/mL extract. About 200 μL of bacteria was spread onto the 
Mueller Hinton agar plate and let to set for about 10 minutes. Then, 10 μL of extracts (300 mg/mL and 150 mg/mL) 
was pipetted on filter paper discs (Whatman No. 1, 6 mm diameter) and let it to dry for about 2-3 hours. The filter 
paper was placed on the previously inoculated agar plate. The same steps were applied to all types of leaf extracts, the 
DMSO as a negative control and ampicillin as a positive control. The experiment was conducted in triplicates. The 
plates were incubated at 37°C for 24 hours. At the end of the incubation period, the inhibition zone against each 
microorganism by each leaf extracts was measured and recorded.  
 
Statistical Analysis 
 
The results were presented as the mean ± standard deviation (SD). The statistical significance of the results was 
evaluated using one-way ANOVA with Duncan’s post hoc test. Significant differences were based on p values where 
p<0.05 were considered significantly different and vice-versa. All the bioassay analysis was performed in triplicates.  
 
 
RESULTS AND DISCUSSON  
 
Extraction Yields 
 
The yield of leaf extracts as a result of extracting with different solvents extracts are summarized in Table 1. 
 
Table 1. Percentage yield of air-dried and oven-dried A. malaccensis leaf extracted in different extraction solvents. 
Solvents/ Drying 
Method 
Percentage Yield (%) 
Air Dry (AD) Oven Dry (OD) 
DW 21.70 21.73 
ETOH 18.61 26.94 
MEOH 22.98 16.82 
CHL 4.03 5.95 
HEX 1.48 2.44 
 
Overall, OD samples showed a higher percentage yield as compared to AD samples except for MEOH extract (Table 
1). According to Yunus et al. (2015), OD was an efficient method because it products high quality products with less 
nutrient loss, more flavor retention and it can also remove moisture effectively in short period of time. In this 
experiment, OD-ETOH produced the highest percentage yield (26.94%) followed by AD-MEOH (22.98%) and OD-
DW (21.73%) water. Non-polar solvents such as AD-CHL and AD-HEX gave minimal percentage yield with 4.03% 
and 1.48%, respectively. This results are comparable with the previous study by Wan-Nadilah et al. (2018), which 
showed the high percentage yield of polar solvent (EOTH with 15.83% and DW with 14.8%) and low yield of non-
polar (HEX with 6.5%) solvent from air dry of Cosmos caudatus sample.  
 
In this study, the higher percentage yield was obtained from polar solvent of A. malaccensis when comparing to Cosmos 
caudatus in same drying technique. The differentiation could be explained by the different factors such as the type of 
sample, developmental stage (Conforti et al., 2007; Menichini et al., 2009; Hendra et al., 2016) and the environmental 
conditions (Zewdie and Bosland, 2000). A possible explanation for such a difference is that a type of sample that were 
used either using leaf, seed or fruit extract. According to Wan-Nadilah et al. (2018), the highest come from leaf sample 
since leaf contained higher concentration of flavonoids and fat followed by seed that contain higher amount of organic 
compounds, saponins and protein while the fruit contains largely water that gave the lowest percentage of yield. In this 
experiment, we used leaf extract that contains phytochemical substances such as flavonoids with a strong antioxidant 
40 
 
and have been reported previously to be effective inhibitors of α-glucosidase (Jung et al., 2006; Andrade-Cetto et al., 
2008). Moreover, the percentage yield are known to vary depending on stage of leaf development. For example, Hendra 
et al. (2016) found that percentage yield of A. malaccensis leaf extract were marketably different in young and old leaf 
with old leaf gave the two-fold higher of percentage yield than young leaf. However, in this study, the young and old 
leaf of A. malaccensis were mix and this developmental stage factors are not consider. Besides the reasons mentioned 
above, another reason for the difference is due to the environmental conditions. It comprises of the topographic, soil 
and climatic factors (Zewdie and Bosland, 2000). In this study, the yield of extracted A. malaccensis was determined on 
moisture-free basis as compared using different drying method.    
 
Furthermore, the results in the present study were in agreement with Ado et al. (2014) and Javadi et al. (2014), study 
on reporting on yield obtained from Cosmos caudatus and Cynometra cauliflora L. leaves, respectively. It clearly showed 
that polar solvents were able to extract more polar compound compared those non-polar. The results indicated that a 
more polar solvent is capable of extracting higher amounts of phytochemicals from a plant material. In addition, 
sonication method can enhance the percentage of yield, since the method is inexpensive, simple and has faster kinetic 
that can disrupt the cell membrane of the sample and seeped out the compound (Annegowda et al., 2012).  
 
DPPH Free Radical Scavenging Activity 
 
The IC50 and percentage inhibition of free radical scavenging activity of the leaves extracts of A. malaccensis is presented 
in Table 2.  
 
Table 2. DPPH radical scavenging activity of the A. malaccensis in different solvent polarities and drying method. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Values are expressed as mean ± standard deviation (n=3). nd means not detected. 
 
As shown in Table 2, the MEOH and ETOH extracts in AD method exhibited high DPPH free radical scavenging 
activity, with 92.20% and 90.56% inhibition, respectively, at the test concentration of 0.5 mg/mL. The inhibition 
percentages of the MEOH and ETOH extracts were not significantly different (p>0.05) from each other, with 
quercetin (94.15%). The CHL and HEX extracts showed lower percentage inhibitions (32-48%) and were not 
significantly different from each other except for OD-CHL extract. This present study was in agreement with previous 
study by Mahmod et al. (2017) with same plant extract, A. malaccensis which is most effective in ETOH extract using 
air dry method. In this study, the DPPH scavenging activity of water-based extract in AD sample was high compared 
to water-extract in OD sample which is contrary with no activities. This might be attributed to the fact that heat-
sensitive antioxidant compounds were degraded or bio transformed at high temperatures (Goulas et al., 2013). It is 
possible the sample had enormous effects on scavenging activity as previous researchers tend to use air dried instead 
of oven dried method (Javadi et al., 2014; Mahmod et al., 2017; Wan-Nadilah et al., 2018). Thus, it was clearly seen 
that solvent extracts with higher polarity (MEOH and ETOH extracts) also exhibited higher free radical scavenging 
activity and vice versa. 
 
Sample 
 
DPPH radical scavenging activity 
Air Dry (AD) Oven Dry (OD) 
IC50 (µg/mL) Inhibition (%) 
[0.5 mg/mL] 
IC50 (µg/mL) Inhibition (%) 
[0.5 mg/mL] 
DW 303.57 ± 5.11a 72.87 ± 4.75a nd 38.06 ± 1.34c 
ETOH 201.09 ± 4.54b 90.56 ±1.51b 152.17 ± 3.55d 84.29 ± 0.44a 
MEOH 84.55 ± 2.93c 92.20 ± 1.55b 77.21 ± 4.88e 91.27 ± 0.56a 
CHL nd 32.59 ±4.37c nd 47.81 ± 0.42e 
HEX nd 34.76 ±1.07c nd 32.83 ± 0.49c 
Positive control IC50 (µg/mL) Inhibition (%) [0.5 mg/mL] 
Quercetin 10.65 ± 0.25f  94.15 ± 1.21b 
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With respect to the IC50 values, although AD-ETOH, OD-ETOH, AD-MEOH and OD-MEOH extracts have similar 
percentage of inhibition as quercetin, the potency of these extracts was significantly (p<0.05) lower giving an IC50 value 
of only 201.09 µg/mL, 152.17 µg/mL, 84.55 µg/mL, 77.21 µg/mL, respectively, in comparison to 10.65 µg/mL for 
quercetin. Therefore, ETOH and MEOH extract, although inefficient in inhibiting free radical, it is not as potent as 
quercetin. However, ETOH and MEOH were tested in the form of an extract where the bioactive constituents could 
possibly present in low concentrations, hence the bioactivity effects were less pronounced.  
 
These overall results indicated that both ETOH and MEOH extracts were efficient solvents to extract the antioxidant 
constituents of A. malaccensis. At this stage, however, it could not be ascertained whether the antioxidant components 
were the same in the two extracts.   
 
Influence on α-glucosidase Inhibitory Activity 
 
The α-glucosidase inhibitory activity of the leaves extracts was determined in order to gauge their glucose lowering 
potential.  
 
Table 3 α-glucosidase inhibitory activity of the A. malaccencis in different solvent polarities and drying method. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Values are expressed as mean ± standard deviation (n=3). nd means not detected. 
 
As shown in Table 3, the extracts of A. malaccensis in different solvent polarities and drying method showed variable 
α-glucosidase inhibitory activities. The highest α-glucosidase inhibition percentage was exhibited by the AD-MEOH 
and OD-MEOH extracts with 75.84% and 71.61%, respectively which was as high as and significantly different (p> 
0.05) with that shown by the positive standard, quercetin (93.73%) at a test concentration of 4 mg/mL. Meanwhile, 
both the CHL and DW showed significantly lower inhibition values than the MEOH extracts. Their inhibition 
percentages of 33-44%, were moderate and not significantly different from each other. The HEX extract showed a 
relatively lower percentage inhibitions among all the extracts.  
 
The AD-MEOH and OD-ETOH extract exhibited significantly more potent α-glucosidase inhibition (196.31-295.37 
µg/mL) than quercetin (658.11 µg/mL). In particular, the AD-MEOH extract, with an IC50 value of 196.31 µg/mL, 
seemed to be the solvent extraction that contained most of the metabolites. A previous study showed the MEOH 
solvent was effective to extract Alphinia species, Camelia sinensis and mulberry in leaves (Widyawati et al., 2014).  The 
remaining A. malaccensis extracts including the DW extract showed low percentage inhibitions and thus were considered 
inactive against the enzyme. Previous work by Ryu et al. (2011), working on α-glucosidase inhibitors from a plant 
source, have also found that the organic solvent has greater ability to extract the bioactive compounds in comparison 
to using only water as the solvent. Results of the present study indicated that the organic solvent was more efficient in 
extracting the α-glucosidase inhibitors from A. malaccensis. Generally, AD samples give a better result than OD, due to 
compound that involves in anti-diabetic activity might be degraded during OD drying process due to high temperature 
Sample 
 
α-glucosidase inhibitory activity 
Air Dry (AD) Oven Dry (OD) 
IC50 (µg/mL) Inhibition (%) 
[4 mg/mL] 
IC50 (µg/mL) Inhibition (%) 
[4 mg/mL] 
DW nd 33.39 ±  3.98a nd 33.21 ± 2.32a 
ETOH 396.12  ± 6.42a 66.07 ± 2.68b 295.37 ± 5.42c 59.89 ± 0.94b 
MEOH 196.31 ± 4.11b 75.84 ± 2.96c 598.22 ± 4.18d 71.61 ± 0.92c 
CHL nd 44.07 ±  1.43d nd 36.08 ± 1.64a,d 
HEX nd 27.47 ± 0.90e nd 27.06 ± 1.06e 
Positive control IC50 (µg/mL) Inhibition (%) [4 mg/mL] 
Quercetin 658.11 ± 3.16e 93.73 ± 6.38f 
42 
 
(Yunus et al., 2015). Based on these findings, the AD-MEOH was selected as the best extraction solvent and drying 
method for A. malaccensis for the ensuing work of the future study.  
 
Antimicrobial Activity 
 
The antimicrobial activity of S. aureus and S. enterica against various types of leaf extracts at 150 mg/mL and 300 mg/mL 
for the AD and OD drying method are as presented in Table 4. 
 
Table 4: Antibacterial activity of S. aureus and S. enterica against various types of leaf extracts at 150 mg/mL and 300 mg/mL in 
Air Dry (AD) and Oven Dry (OD) extracts. 
NA= no activity 
 
As shown in Table 4, the HEX extracts in OD samples were found to be more effective on microorganisms in 
comparison to the other extracts. Particularly, the highest zone of inhibition was observed when using OD-HEX 
extract at 300 mg/mL and AD-HEX extracts at 150 mg/mL with 8.23 mm and 8.13 mm, respectively. This result was 
in agreement with the previous study conducted by Yusoff et al. (2015), which suggested that as the concentration of 
extract increased, the antimicrobial activity of the plant extracts were also increased significantly. Whereas, OD-DW 
showed the trend of inhibition zone except for S. enterica in 300 mg/mL. This result are consistent with Manasi et al. 
(2008), that were found the aqueous extract of A. agallocha has suppressed the growth of S. aureus and Pseudomonas 
aeruginosa. The results also showed that the leaves extract from the OD method give most of the results. According to 
Vongsak et al. (2013) towards Moringa oliefera, the dried leaves contain higher of flavonoids compared to a fresh sample. 
They concluded that water and moisture are removed from the leaves sample in the dried sample which can preserve 
the phytochemicals. Whereas, fresh samples are fragile and tend to deteriorate faster than dried samples (Azwanida, 
2015). This is due to more water content in leaves sample may cause contamination at unstable temperature. 
 
The negative results in the present work might be due to several reasons such as antimicrobial activity itself are unstable, 
and become degraded before the susceptibility test. Another possibility is that the antimicrobial substance is not 
diffusible due to high molecular weight, chemical reactivity or lack of solubility. On the other hand, the plant extracts 
contain different active compounds where each of them functions differently for inhibition of microorganisms and a 
mixture of them will cause the synergism activity which sometimes makes compounds became less optimum (Wariska 
et al., 2014; Yusoff et al., 2015). 
 
Furthermore, the phytochemicals of A. malaccensis leaves have different polarity so they can be extracted by different 
solvent polarity, either polar or non-polar solvents. That is one of the reasons that almost all extracts had moderate 
activity against the tested bacteria. There are various reports that antimicrobial activity depends on the solvent used 
Sample  
 
Diameter of Inhibition Zone (mm) 
Air Dry (AD) Oven Dry (OD) 
S. aureus S. enterica S. aureus S. enterica 
150 
mg/mL  
300 
mg/mL  
150 
mg/mL  
300 
mg/mL  
150 
mg/mL  
300 
mg/mL  
150 
mg/mL  
300 
mg/mL  
DW NA NA NA NA 7.25 ± 0.87 7.00 ± 1.15 6.13 ± 0.25 NA 
ETOH NA NA 7.25 ± 0.83 NA 7.75 ± 0.5 7.13 ± 0.25 NA NA 
MEOH 6.88 ± 0.63 7.33 ± 0.69 NA 6.38 ± 0.48 NA NA NA NA 
CHL NA NA NA 6.25 ± 0.5 7.38 ± 0.48 6.37 ± 0.48 NA NA 
HEX NA 8.13 ± 0.75 NA NA 8.00 ± 1.41 6.38 ± 0.25 6.39 ± 0.25 8.23 ± 0.29 
Control  S. aureus S. enterica S. aureus S. enterica 
Ampicilin 1.8 3 1.8 3 
DMSO NA NA NA NA 
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and structure of the compound in the extracts (Nair et al., 2005). Different organic solvents extracts have different 
phytoconstituents in different amounts and that is why there is differential inhibition of the microorganism (Nair et 
al., 2005; Boumail et al., 2013). In the present study, the Gram-positive bacteria were more susceptible to the action 
of the leaf extracts than Gram-negative bacteria. Gram-negative bacteria are generally more resistant to antibiotics than 
Gram-positive bacteria because there is a membrane present around the cell wall of Gram-negative bacteria which 
increases the risk of toxicity to the host but this membrane is absent in Gram-positive bacteria. This outer membrane 
excludes certain drugs and antibiotics from penetrating the cell. 
 
Interestingly the inhibition effects of the HEX extracts of the OD method against S. aureus and S. enterica were higher 
than that of the ampicillin (positive controls) (Table 4). The results obtained during the course of the present study are 
in agreement to a certain extent with the traditional uses of Artemisia absinthum, Artemisia santonicum and Saponaria 
officinalis in particular within the Eastern Anatolia region of Turkey (Sengul et al., 2011). Based on the results so far, it 
can be concluded that the OD technique is an effective drying method to kill Gram-positive bacteria with HEX leaves 
extract at 300 mg/mL is the most effective to be the antimicrobial agent. 
 
 
CONCLUSION 
 
The antioxidant, antidiabetic and antimicrobial activity of Aquilaria malaccensis in different solvent polarity with drying 
method were analyzed in this experiment. Among the different extracts analyzed, both methanolic leaves extracts of 
air dry and oven dry of A. malaccensis extracts showed the most significant antioxidants and antidiabetic potential. A 
highly significant antimicrobial activity was observed in both AD-HEX and OD-HEX in a higher concentration of A. 
malaccensis. These results reveal significant antioxidant, antidiabetic and antimicrobial activities present in solvent 
polarities and drying methods of A. malaccensis. Local populations have already realized the medicinal importance of 
these expensive plants and have been using them for treatment of medical ailments for past many centuries. Further 
studies are required to elucidate and understand the antioxidant, antidiabetic and antimicrobial potential of this A. 
malaccensis using various biochemical and molecular biology tools. 
 
 
ACKNOWLEDGEMENTS 
 
Authors are thankful to Faculty of Bioresources and Food Industry (FBIM) for laboratory facilities and technical 
assistance. This work is supported by Universiti Sultan Zainal Abidin (UniSZA) Special Research Grant Scheme 
(UniSZA/2017/SRGS/19). 
 
 
REFERENCES 
Ado, M. A., Abas, F., Ismail, I. S., Ghazali, H. M., & Shaari, K. (2014). Chemical profile and antiacetylcholinesterase, antityrosinase, 
antioxidant and α-glucosidase inhibitory activity of Cynometra cauliflora L. leaves. Journal of the Science of Food and Agriculture 
95(3), 635-642. 
Andrade-Cetto, A., Becerra-Jiménez, J., & Cárdenas-Vázquez, R. (2008). Alpha-glucosidase inhibiting activity of some Mexican 
plants used in the treatment of type 2 diabetes. Journal of Ethnopharmacology 116, 27-32.  
Annegowda, H. V., Bhat, R., Min-Tze, L., Karim, A. A., & Mansor, S. M. (2012). Influence of sonication treatments and extraction 
solvents on the phenolics and antioxidants in star fruits. Journal of Food Science and Technology 49(4), 510-514.  
Apostolidis, E. & Lee, C. M. (2010). In vitro potential of Ascophyllum nodosum phenolic antioxidant‐mediated α‐glucosidase and α‐
amylase inhibition. Journal of Food Science 75(3), 97-102.  
Azwanida, N. N. (2015). A review on the extraction methods use in medicinal plants, principle, strength and limitation. Medicinal 
and Aromatic Plants 4(3), 196.  
44 
 
Boumail, A., Salmieri, S., Klimas, E., Tawema, P. O., Bouchard, J., & Lacroix, M. (2013). Characterization of trilayer antimicrobial 
diffusion films (ADFs) based on methylcellulose-polycaprolactone composites. Journal of Agricultural and Food Chemistry 
61(4), 811-821.  
Conforti, F., Statti, G. A., & Menichini, F. (2007). Chemical and biological variability of hot pepper fruits (Capsicum annuum var. 
accuminatum L.) in relation to maturity stage. Food Chemistry 102(4), 1096-1104. 
Deutschländer, M. S., Van de Venter, M., Roux, S., Louw, J., & Lall, N. (2009). Hypoglycaemic activity of four plant extracts 
traditionally used in South Africa for diabetes. Journal of Ethnopharmacology 124(3), 619-624. 
Dash, M., Patra, J. K., & Panda, P. P. (2008). Phytochemical and antimicrobial screening of extracts of Aquilaria agallocha Roxb. 
African Journal of Biotechnology 7(20), 3531-3534. 
Dong, H. Q., Li, M., Zhu, F., Liu, F. L., & Huang, J. B. (2012). Inhibitory potential of trilobatin from Lithocarpus polystachyus Rehd 
against α-glucosidase and α-amylase linked to type 2 diabetes. Food Chemistry 130, 261-266. 
Feng, J., Yang, X-W., & Wang, R-F. (2011). Bio-assay guided isolation and identification of α-glucosidase inhibitors from the 
leaves of Aquilaria sinensis. Phytochemistry 72(2-3), 242-247.  
Gaolas, V., Orphanides, A., & Gekas, V. (2013). Effect of drying method on the phenolic content and antioxidant capacity of 
spearmint. Czech Journal of Food Sciences 31, 509-526. 
Hashim, Z. H-Y., Ismail, N. I., & Abbas, P. (2014). Analysis of chemical compounds of agarwood oil from different species by 
gas chromatography mass spectrometry (GCMS). IIUM Engineering Journal 15(1), 55-60.  
Hendra, H., Moeljopawiro, S., & Nuringtyas. (2016). Antioxidant and antibacterial activities of agarwood (Aquilaria malaccensis 
Lamk.) leaves. Advances of Science and Technology for Society 1755, 41-49.  
Huda, A. W. N., Munira, M. A. S. A., Fitrya, S. D., & Salmah, M. (2009). Antioxidant activity of Aquilaria malaccensis 
(Thymeleaeaceae) leaves. Pharmacognosy Magazine 1, 270-273. 
Javadi, N., Abas, F., Hamid, A. A., Simoh, S., Shaari, K., Ismail, I. S., Mediani, A., & Khatib, A. (2014). GC-MS-based metabolite 
profiling of Cosmos caudatus leaves possessing alpha-glucosidase inhibitory activity. Journal of Food Science 79(6), 1130-1136. 
Jung, M., Park, M., Lee, H.C., Kang, E.S., & Kim, S.K. (2006). Antidiabetic agents from medicinal plants. Current Medicinal Chemistry 
13(10), 1203-1218.  
Kamonwannasit, S., Nantapong, N., Kumkrai, P., Luecha, P., Kupittayanant, S., & Chudapongse, N. (2013). Antibacterial activity 
of Aquilaria crassna leaf extract against Staphylococcus epidermidis by disruption of cell wall. Annals of Clinical Microbiology and 
Antimicrobials 12, 20. 
Kristanti, A. N., Tanjung, M., & Aminah, N. S. (2018). Review: Secondary metabolites of Aquilaria, a Thymelaeaceae genus. Mini-
reviews in Organic Chemistry 15(1), 36-55. 
Mahmod, N. H., Amella, J. J., Hamid, M. H. A., Rashid, Z. M., & Ali, A. M. (2017). Comparative assessment of antioxidant 
activities in Aquilaria malaccensis leaf extracts.  Journal of Agrobiotechnology 8(2), 77-85.  
Menichini, F., Tundis, R., Bonesi, M., Loizzo, M. R., Conforti, F., Statti, G., Cindio, B. D., Houghton, P. J., & Menichini, F. (2009). 
The influence of fruit ripening on the phytochemical content and biological activity of Capsicum chinense Jacq. cv Habanero. 
Food Chemistry 114(2), 553-560. 
Nair, R., Kalariya, T., & Chanda, S. (2005). Antibacterial activity of some selected Indian medicinal flora. Turkish Journal of Biology 
29, 41-47.  
National Committee for Clinical Laboratory Standards (NCCLS). (2002). Performance standards for antimicrobial susceptibility 
testing. Document M100–S12. Wayne, PA: NCCLS. 
45 
 
Pandey, K. B., & Rizvi, S. I. (2009). Plant polyphenols as dietary antioxidants in human health and disease. Oxidative Medicine and 
Cellular Longevity 2(5), 270-278 
Ryu, H. W., Cho, J. K., Curtis-Long, M. J., Yuk, H. J., Kim, Y. S., Jung, S., Kim, Y. S., Lee, B. W., & Park, K. H. (2011). α-
Glucosidase inhibition and antihyperglycemic activity of prenylated xanthones from Garcinia mangostana. Phytochemistry 72, 
2148-2154. 
Salehi, P., Asghari, B., Esmaeili, M. A., Dehghan, H., & Ghazi, I. (2013). α-Glucosidase and α-amylase inhibitory effect and 
antioxidant activity of ten plant extracts traditionally used in Iran for diabetes. Journal of Medicinal Plant Research 7(6), 257-
266. 
Sengul, M., Ercisli, S., Yildiz, H., Gungor, N., Kavaz, A., & Cetin, B. (2011). Antioxidant, antimicrobial activity and total phenolic 
content within the aerial parts of Artemisia absinthum, Artemisia santonicum and Saponaria officinalis. Iranian Journal of 
Pharmaceutical Research 10(1): 49-56. 
Tachakittirungrod, S., Okonogi, S., & Chowwanapoonpohn, S. (2007). Study on antioxidant activity of certain plants in Thailand: 
mechanism of antioxidant action of guava leaf extract. Food Chemistry 103(2), 381-388. 
Tsujita, T., Takaku, T. & Suzuki, T. (2008). Chestnut astringent skin extract, an α-amylase inhibitor, retards carbohydrate 
absorption in rats and humans. Journal of Nutritional Science and Vitaminology 54, 82-88.   
Vongsak, B., Sithisarn, P., Mangmool, S., Thongpraditchote, S., & Wongkrajang, Y. (2013). Maximizing total phenolics, total 
flavonoids contents and antioxidant activity of Moringa oleifera leaf extract by the appropriate extraction method. Industrial 
Crops Production 44, 566-571. 
Wan-Nadilah, W. A., Khozirah, S., Khatib, A., Hamid, A. A., & Hamid, M. (2018). Chemical profile, total phenolic content, DPPH 
free radical scavenging and α- glucosidase inhibitory activities of Cosmos caudatus Kunth leaves. Pertanika Journal of Tropical 
Agricultural Science 41(3), 1367-1381.  
Wariska, D., Muslimin, I., & Guntur, T. (2014). The effect of Cosmos caudatus extract on in vitro growth of Bacillus cereus. Universal 
Journal of Pharmacy 2(6): 64-70. 
Widyawati, P. S., Budianta, T. D. W., Kusuma, F. A., & Wijaya, E. L. (2014). Difference of solvent polarity to phytochemical 
content and antioxidant activity of Pluchea indicia Less leaves extracts. International Journal of Pharmacognosy and Phytochemical 
Research 6(4), 850-855. 
Yunus, S., Zaki, N. A. M., & Ku Hamid, K. H. (2015). Microwave drying characteristics and antidiabetic properties of Aquilaria 
subintegra and Aquilaria malaccensis leaves. Advanced Materials Research 1113, 352-357. 
Yusoff, N. A. H., Sanuan, F. M., & Rukayadi, Y. (2015). Cosmos caudatus Kunth extract reduced number of microflora in oyster 
mushroom (Pleurotus ostreatus). International Food Research Journal 22(5), 1837-1842.  
Zewdie, Y., & Bosland, P. W. (2000). Evaluation of genotype, environment, and genotype by-environment interaction for 
capsaicinoids in Capsicum annuum L. Euphytica 111(3), 185-190. 
 
 
How to cite this paper: 
Wan-Nadilah, W. A, Manaf-Ali, A. Wan-Nur-Amalina, W. M. & Mahmod, N. H. (2019). Evaluation of 
DPPH Free Radical Scavenging, α-Glucosidase Inhibitory, and Antimicrobial Activities of Aquilaria 
malaccensis Leaf Extracts Journal of Agrobiotechnology, 10(1), 36-45. 
